THE tumours arising in rabbits after neonatal inoculation with polyoma virus (Eddy et al., 1959) have been little studied compared with the malignant growths induced in other species. Weber, and inoculated virus by the subcutaneous, intra-cerebral and intra-cardiac routes and described the gross and histological features of the resulting tumours. The benign nature and constant ultimate regression of the subcutaneous tumours noted by Eddy et al. (1959) and by ourselves prompted a more detailed examination oftheir natural history. Since histological examination suggested a homograft type reaction as the mechanism of tumour rejection, a study was also made of the intracranial tumours which appeared following inoculation of virus into this supposedly immunologically-privileged site.
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MATERIALS AND METHODS
Polyoma viru8.-A strain of virus kindly given by Dr. Sarah Stewart had the following characteristics. When inoculated within 24 hours of birth the virus induced multiple tumours in mice, predominantly of the salivary glands, multiple blood-filled cysts in the liver and lungs of hamsters and fibromatous tumours at the site of subcutaneous inoculation in rabbits. The virus induced a cytopathic effect in cultures of mouse embryo cells and, at high dilution, gave lesions of the small plaque type which continued to appear between 11 and 20 days after inoculation. Haemagglutination (HA) occurred with both human group 0 and guinea-pig erythrocytes and was markedly sensitive to " non-specific " inhibitors. These were reversibly inactivated by heat and irreversibly destroyed by receptor destroying enzyme from Vibrio cholerae.
In the present work virus stocks were prepared from secondary mouse embryo monolayers grown in Eagle's medium supplemented with 10% calf serum Table II. tion showed multiple, small, whorled, highly cellular, fibromatous lesions with very occasional mitotic figures (Fig. 2) . Small numbers of polymorphonuclear leucocytes were found infiltrating the tumours, but there was little or no peripheral mononuclear reaction. An occasional microscopic focus of central degeneration was seen. Six days later the appearance was similar but the structure was slightly less compact and there was some invasion of striped muscle (Fig. 3) . After a further 8 days there was no important change. At 45 days, however, when the tumour was palpably regressing some of the nodules appeared to be hyalinised and others, more cellular, had a well developed peripheral cuff of leucocytes, predominantly lymphocytes but including some polymorphs (Fig. 4) Brain tumours (a) Natural history.-Thirty-nine baby rabbits from 6 litters were inoculated with polyoma virus intracerebrally within 24 hours of birth. Simultaneously 24 of them also received virus subcutaneously in the nape of the neck. Of the 28 animals from 5 litters which survived the newborn period, 13 developed intracranial tumours between 39 and 271 days later (Table IV) . Two of the remainder died incidentally and a third animal was killed when 393 days old because of an acute and pronounced deviation of the head to one side, but autopsy did not reveal any intracranial tumour. Twelve healthy surviving animals, observed for periods from 311 to 775 days, have not hitherto shown evidence of brain damage. In all 13 rabbits with intracranial tumours clinical effects progressed rapidly after onset and, apart from 3 animals, which died at 39, 40 and 243 days respectively, the rabbits were killed between 40 and 271 days after injection (Table IV) within 3 days of manifesting clear evidence of brain damage. The signs suggested lesions in the posterior fossa, with incoordination, ataxia, weak extremities, nystagmus, lateral deviation of the head and a tendency to roll over and over to one side.
Of the 24 animals inoculated in both sites, all 19 which survived the newborn period developed subcutaneous tumours which grew and regressed typically, but only 6 showed intracranial tumours. On the other hand, amongst the group of 15 rabbits inoculated only into the brain, 7 of 9 survivors developed intracranial tumours. The times of manifestation of intracranial tumours, often long after the period of regression of skin tumours, were similar in both groups (Table IV) . Furthermore, histological examination of animals inoculated in both sites showed active brain tumours whilst confirming the clinical impression of regressing or regressed skin nodules ( Fig. 5 and 6 ).
(b) Pathological features of the intracranial tumours.-All but one of the 13 animals with tumours showed multiple neoplastic nodules. The tumours arose in the leptomeninges, were not adherent to the dura mater and caused compression deformity of adjacent brain tissue. They were most common in the posterior fossa and those anterior to the tentorium were usually at the base of the brain in the vicinity of the infundibulum. The tumours were firm, greyish, well circumscribed and ranged in size from microscopic lesions up to 1 8 cm. in maximum diameter.
Histologically the structure was similar to that of the skin tumours. The nodules were usually of a densely cellular, spindle-cell pattern with cells arranged in parallel to form interlacing fasciculi or occasional whorls (Fig. 6 and 7 ). Nuclei were generally uniform but mitotic figures were frequent (Fig. 8) . In 4 instances there appeared to be superficial infitration of brain tissue (Fig. 7) . A few of the most active-looking tumours contained foci of necrosis with an associated moderate inflammatory cell infiltrate. Inflammatory reaction in the tumours was otherwise absent except in one animal which also showed evidence of generalised meningo-encephalitis.
Varying degrees of fibrosis were noted in tumours examined 58 or more days after virus inoculation, and this was sometimes associated with focal infiltration by lymphocytes and macrophages (Fig. 9) . The fibrosis was usually patchy and accompanied by highly cellular areas either in the same nodule or in others. In the leptomeninges of 7 rabbits there were small circumscribed acellular or sparsely cellular, fibrous or hyalinised areas which were interpreted as regressed tumour nodules (Fig. 10) . These animals had died or been killed at periods from 58 to 271 days after inoculation and 5 of them also had active-looking cellular meningeal tumours elsewhere (Fig. 11) .
Two animals from 1 litter, which were killed at 113 and 226 days, showed the histological features of meningo-encephalitis in addition to typical multifocal leptomeningeal tumours.
(c) Controls.-Two litters of 7 and 4 baby rabbits were inoculated intracerebrally and subcutaneously with control materials within 24 hours of birth.
Of 10 survivors (included amongst the 17 controls in the preceding section), none has hitherto developed subcutaneous tumours or given any evidence of disease of the central nervous system during observation periods of 476 to 481 days. Nor did such lesions arise during 373 to 379 days' observation following inoculation of virus into four 76 or 70-day-old rabbits, although inoculation of the same virus stock into 6 newborns gave rise to subcutaneous tumours in all 6 and to brain tumours in 3 of them.
Absence of tumour beyond site of virus inoculation Numerous autopsies were carried out during the course of this work. Neither clinically nor at post-mortem examination was there any evidence of tumour growth or spread beyond the local site of either subcutaneous or intracranial inoculation of virus.
DISCUSSION
The regression of the tumours arising in rabbits after neonatal inoculation with polyoma virus contrasts with the malignant course usually pursued in other species, but may share common features with the pathogenesis of polyoma infection in older animals. It is now generally held that inoculation of virus in adult mice is followed by infection and transformation of cells and that this results in a relative immunity to transplantation of polyoma-induced tumours from isologous hosts (Sjogren, Hellstrom and Klein, 1961; Habel, 1962) . This immunity derives from new antigens appearing in the transformed cells. The latter are unable to multiply indefinitely because the immunologically competent adult mouse, in contrast to the immature newborn, is able to reject them in a microhomograft reaction before they ever reveal their presence clinically.
The histological appearances in the regressing subcutaneous tumours of rabbits had features of a homograft reaction and it seemed possible that the newborn rabbit, whilst relatively immunologically incompetent, allowed polyomatransformed cells to initiate macroscopic tumour formation. The subsequent dissolution of the tumour after 5 to 7 weeks might then be attributed to the development of immunological maturity and homograft responsiveness. Alternatively, in a host already competent in cellular immune mechanisms at birth (Harris, Harris and Farber, 1962) , the period of tumour growth preceding regression might have represented a delay in adequate antigenic stimulation. Experiments designed to reduce or anticipate the onset of immunological competence in the newborn or embryonic rabbit did not resolve this question. Whether virus was inoculated into thymectomised newborn rabbits or into foetal rabbits in-utero at the 21st day of gestation, tumours appeared and regressed with no evidence of a more prolonged or florid course than after simple subcutaneous inoculation of the newborn.
In either event, however, it was thought that, due to the immunological privilege of brain tissue, tumours induced by polyoma virus in the rabbit brain might continue to grow in the absence of host response. The disadvantage of using the brain for this type of study lay in its situation in a rigid container. Hence, unless regression occurred early, the period during which a tumour could continue its course was limited. Nevertheless the results supported the theory to some extent in that active intracranial tumours became manifest at a time when skin tumours had been rejected. Moreover histological examination of the meningeal tumours showed little if any evidence of an active homograft type reaction. Although regressive changes up to complete hyalinisation were present in some tumour nodules of almost all animals examined later than 58 days from inoculation, these were no more frequent in those animals sensitised by peripheral inoculation than in those inoculated only in the brain. Furthermore, in most cases of intracranial tumour with regressive change, active-looking tumour was seen elsewhere in the meninges. On the other hand, the lower incidence of intracranial tumours in those rabbits with rejected skin tumours may indeed have reflected an effective immune reaction against transformed cells within the cranium following peripheral sensitisation.
Possible explanations for the altered behaviour of tumours within the cranium are presently being sought in terms of (1) viral latency or persistence leading to delayed cellular transformation, (2) slower growth rate or local metastatic spread of some of the resulting tumours, (3) a modified immunological response in this site, in which the roles of antibody and of immunological tolerance and enhancement may be important. Attempts are also being made, with techniques used in related systems (Bases, 1964;  Tevethia, Katz and Rapp, 1965; Tevethia and Rapp, 1965) , to demonstrate the postulated polyoma-specific new cellular antigens of presumed importance in the pathogenesis of these tumours.
SUMMARY
After subcutaneous inoculation of polyoma virus into newborn rabbits, local tumours first became palpable between 2 and 5 weeks later. They increased in size until 5 to 7 weeks from inoculation and then regressed by 6 to 12 weeks. The tumours consisted of fibroblast-type cells, characteristically whorled in arrangement. Infiltration of regressing tumour nodules by lymphocytes suggested a homograft type reaction. Inoculation of polyoma virus intracerebrally into newborn rabbits induced the development of meningeal tumours histologically resembling the skin tumours. The period from virus inoculation to manifestation of intracranial tumours (6 to 39 weeks) was often longer than the time taken for appearance and regression of subcutaneous tumours. Though the meningeal tumours showed little evidence of an active homograft type reaction, regressed or regressing tumour nodules were frequently seen in animals which showed highly active tumours in other parts of the meninges. When newborn rabbits received virus both subcutaneously and intracranially, the incidence of intracranial tumours was lower than in those rabbits inoculated only into the brain.
